Introduction: Amyloid imaging is a tool that has recently become available to dementia specialists evaluating patients with possible Alzheimer's disease. Studies have assessed the impact of amyloid imaging on diagnostic and treatment decisions, but patient and family perspectives have received less attention. Methods: To examine how amyloid imaging affects the diagnostic experience of patients and families, we interviewed members of 26 patient-caregiver dyads with whom a neurologist discussed the option of amyloid positron emission tomography. Results: Most participants who chose to undergo amyloid imaging would choose to do so again. Regardless of the scan outcome, patients and caregivers commonly expressed relief on learning the scan results. Some participants expressed expectations that were beyond scan capabilities. Discussion: Amyloid imaging may provide information that patients and their families find useful. Clinicians must set correct expectations and ensure that families understand the limitations of amyloid imaging.
Introduction
Clinicians diagnose Alzheimer's disease (AD) by establishing core diagnostic features and systematically ruling out other causes of cognitive and functional impairment [1, 2] . Advances in understanding the pathobiology of AD and the development of technologies to demonstrate that pathobiology in vivo have resulted in new biomarker tests that can support the clinical diagnosis of AD [3] [4] [5] .
Three positron emission tomography (PET) imaging ligands specific for the fibrillar form of the amyloid-beta (Ab) protein, a neuropathologic hallmark of AD, have achieved regulatory approval in the United States and other countries [6] [7] [8] [9] . Amyloid imaging is indicated for use with a binary outcome. Positive scans indicate the presence of moderate to frequent amyloid plaques, whereas negative scans suggest no or sparse fibrillar amyloid-beta burden [6, 10] . An expert Amyloid Imaging Taskforce sponsored by the Alzheimer's Association and the Society of Nuclear Medicine and Molecular Imaging developed Appropriate Use Criteria for amyloid PET, which outlined patients with persistent or progressive mild cognitive impairment (MCI), patients with possible AD because of atypical or mixed etiology presentation, and patients with young-onset dementia as appropriate for amyloid imaging [11] . Amyloid imaging may identify MCI patients at increased risk for progression to AD dementia [12, 13] and reduce ambiguity from a clinical diagnosis that is associated with substantial uncertainty [14] [15] [16] . It may help clinicians distinguish AD from other causes of dementia, especially in patients with atypical presentations [17, 18] . In patients with youngonset dementia, amyloid imaging may assist in important planning decisions related to employment and lifestyle and facilitate referral to clinical trials [11] .
Recent studies suggest that amyloid imaging can increase diagnostic confidence [19, 20] and result in changed diagnosis or treatment decisions in some cases [18, [20] [21] [22] [23] [24] . Yet, amyloid imaging is not reimbursed for any patient group by the Centers for Medicare and Medicaid Services or by most health insurers [25] , except in the setting of specific approved clinical trials. Ongoing studies examine the health care costs associated with amyloid imaging and its impact on diagnosis, treatment, and health outcomes (http://www.ideas-study.org/ ; https://clinicaltrials.gov/ct2/show/NCT02317250). Collectively, these studies will provide valuable evidence to inform the debate on amyloid imaging coverage policies. What is missing from many of these studies is the impact that amyloid imaging has on the patient experience.
Receiving a diagnosis of AD alleviates anxiety for some patients and caregivers by providing an explanation for symptoms and advancing care from a diagnostic to a management phase [26] . Alternatively, applying the AD label to patients who do not meet the criteria for AD dementia could result in unnecessary concern [27, 28] or stigma [29, 30] . Amyloid imaging increases the level of information available to clinicians and may also aid in prognostication [31] . Few data are available to guide the clinical interaction around amyloid imaging, however, beyond the proposed Appropriate Use Criteria [11, 32] and initial recommendations for communicating scan results [33, 34] (Grill et al., unpublished data). To examine how amyloid imaging affects the diagnostic experience for patients and families, we performed a telephone interview study with patients and caregivers who received clinical care at an academic tertiary memory disorders clinic.
Methods

Study design
In this exploratory study, one investigator (J.D.G.) conducted telephone interviews with English-speaking members of patient-caregiver dyads with whom a neurologist discussed amyloid PET imaging. Interviews were performed between April 13, 2013 and October 21, 2014 . At that time, only one Food and Drug Administration-approved ligand was available for clinical use, 18 F-florbetapir (Amyvid). In addition, a voucher program that reduced the cost of the scan was available on a limited basis to referring clinicians. Five neurologists were invited to refer patients and/or family members with whom they discussed the option of amyloid imaging, including those who did and those who did not choose to undergo the scan. Information on the number of dyads who were potentially eligible for the present study was not available. Each referring neurologist was a fellowship-trained dementia specialist, exceeding the Amyloid Imaging Taskforce definition of 25% of patient contact time devoted to the evaluation and care of patients with cognitive impairment or dementia [32] .
We interviewed patients and caregivers separately, using identical interview questions. Table 1 outlines the interview questions. All participants were asked an open-ended question about the rationale for their decision whether to have the scan. For participants from a dyad in which the patient underwent amyloid imaging, additional open-ended questions addressed expectations for the scan, the meaning of the scan results, how the neurologist communicated the scan results, the impact of learning the scan results, and the benefits and negatives of having the scan. All participants were asked two forced-choice questions related to the likelihood that they would repeat their decision whether to undergo the scan and whether they would recommend the scan to others in their position. A brief set of questions examined participant demographics, and participants gave permission for the study team to contact the neurologist to access minimal clinical information (i.e., reason for the scan, operationalized by the Appropriate Use Criteria [11] ; outcome of the scan [if performed]; and the most recent Mini-Mental State Examination [35] score, relative to the scan date). Most interviews lasted 15 to 30 minutes.
Data analyses
Interviews were recorded and transcribed verbatim. Responses were considered equally for patients and caregivers, regardless of whether one or two members of the dyad 
Ethics
Two modes of informed consent were acceptable for this study. First, the referring neurologist had the option to perform informed consent and have the patient and/or caregiver sign a written consent document in person. Second, neurologists could refer patients and/or caregivers to the study, and an investigator could secure telephonic consent. Participants or their legally authorized representative provided Health Information Portability and Accountability Act authorization before accessing patient medical records for the data elements listed previously. The University of California, Los Angeles Institutional Review Board approved this study. Table 2 describes the patient population (n 5 26) with whom the neurologist discussed amyloid imaging, making them and their caregivers eligible for this study. Patients had a wide age range (52-88 years) and were mostly White and well educated. Seven patients had an atypical presentation of AD dementia, five had MCI, five presented with young-onset cognitive impairment, and one was both young onset and atypical in the presentation. Three patients were typical in their presentation of AD, and one was described as having memory complaints. The reason for the scan was missing for four cases. Among 20 patients who underwent amyloid imaging, 18 were amyloid positive and two were amyloid negative. The mean and standard deviation time between the amyloid PET scan and the study interview (available for 12 of 20 undergoing imaging) was 234 6 176 days. Six patients did not undergo amyloid imaging. Fig. 1 and Table 3 describe the 10 patients and 23 caregivers who completed the interview. For seven dyads, both the patient and the caregiver completed the interview. In the remaining 19 dyads, only one individual was interviewed (three patients and 16 caregivers).
Results
Participants
Seven of nine patients who completed the interview and underwent amyloid imaging had a positive scan; two had negative scans. One patient who completed the interview chose not to have amyloid imaging. Six of 23 caregivers who completed the interview were members of a dyad who chose not to have amyloid imaging. Sixteen were caregivers of a patient that had a positive scan and one was a caregiver of a patient who had a negative scan. Fourteen caregivers who completed the interview were spouses, seven were adult children, and one was the mother of a youngonset patient. The relationship to the patient was missing for one caregiver who completed the interview.
Categories of responses
We classified participants' responses to the open-ended questions in the following categories: reasons for the decision whether to undergo amyloid imaging; responses to the scan; and interactions with the neurologist.
Reasons for the decision whether to undergo amyloid imaging
The desire to receive a definitive diagnosis, to learn if AD was the cause of the patient's cognitive impairment, and the general desire for more information about the patient's condition were the most frequent reasons why patients and caregivers who completed the interview endorsed for proceeding with amyloid imaging (Table 4) . " We wanted to know whether I had Alzheimer's or not. That was pretty much what I was pulling for, that they could determine whether I did."-a 72-year-old amyloid-negative patient.
Several individuals stated that a recommendation by the physician was important to their decision to have the scan, with some noting only this as a reason they chose to proceed. One patient and one caregiver stated that they underwent the scan to provide additional information for the neurologist to include in the patient's workup. " We made the decision on the advice of our doctor, who felt that this would be an important diagnostic tool in determining if there was the onset or preliminary indications of cognitive impairment for my mother."-a 52-year-old caregiver of an amyloid-positive patient.
One patient and four caregivers specifically articulated that they underwent the scan to learn if amyloid plaques were present in the brain, and three caregivers stated that they expected the scan to provide information about the level of plaque deposition and/or the severity of the disease. Among all patients and caregivers interviewed, including those who did and those who did not proceed with the scan, the most frequently endorsed reason not to undergo the scan was cost or the lack of coverage by insurance (Table 4) . Additional reasons to not have the scan included a lack of direct benefit to the patient and that the results would have no bearing on treatment or management of the disease.
"It wouldn't have changed the management. It didn't really matter if it was Alzheimer's or something else. The medications prescribed and the prognosis wouldn't have changed. It didn't matter if you put a name on it."-a 38-year-old caregiver of a patient who did not have amyloid imaging.
Responses to the scan
When patients and caregivers were asked what the scan results meant to them, they most often cited that they now needed to engage in planning (n 5 8; four patients and four caregivers).
"But from a standpoint of managing her care and figuring out how best to take care of her with her symptoms, I feel like the scan was really positive in that it let me know she probably couldn't go home and live by herself again and that I would really need to take her care in a direction that none of us had anticipated or could have predicted."-a 69-year-old caregiver of an amyloidpositive patient.
Six caregivers and one patient reported that they now had a definitive diagnosis, whereas four caregivers and one patient stated that the scan provided physical evidence that indicated the presence of amyloid. Four caregivers and one patient stated that the scan confirmed what they had suspected, that AD was the cause of cognitive problems. Three caregivers from amyloid-positive dyads responded that the scan meant the patient had AD, and two patients and one caregiver from amyloid-negative dyads responded that the scan meant the patient did not have AD.
"It was kind of expected I think. I was hopeful that it wouldn't be the case, but I remember our family thinking 'at least now we know' and that was helpful. It identified it for us, I think."-a 44-year-old caregiver of an amyloid-positive patient.
The most frequent participant emotional response to learning the scan results was relief ( Table 5 ). The two patients and one caregiver who were members of a dyad in which the patient had a negative scan each endorsed feeling relief as a result of having the scan. For one, this relief was tempered by knowledge that a negative scan does not rule out other potential causes of cognitive problems.
"I was greatly relieved. That's what it meant to me. But it didn't mean, I know there are other issues, there are different things that can cause dementia, so of course it didn't mean that I'm 100% free of everything. But I felt comfortable ruling out Alzheimer's at this time."-a 73-year-old amyloid-negative patient.
One patient and six caregivers for whom amyloid imaging was positive also expressed relief.
"Well, it was, me personally, it was what I expected. I didn't really think it was anything other than Alzheimer's. I think my wife really did really [sic] believe that it was psychological-she's a psychologist-she thought the whole thing was stress related or something like that. She was upset with the diagnosis. But I had already decided a long time earlier that that was what I had and it was just a relief to hear it and to know that this is what we are dealing with and now we can attack it."-a 52-year-old amyloid-positive patient.
"I think they put to rest any doubt about it being Alzheimer's and so in that sense.Certainly on a cognitive level it was a relief in a sense to know that yes, this is it and this is what it is. Although we really figured that that's what it was, it was still there was kind of a finality to it and that's a relief."-a 66-year-old caregiver of an amyloid-positive patient.
Eight individuals, all of whom were caregivers from dyads in which the patient had a positive scan, reported that learning the scan results caused them to feel sadness or despair. When asked about the benefits of amyloid imaging, the most frequent responses were the information gained through the procedure (n 5 8; three patients and five caregivers), the usefulness of that information in making a plan (n 5 6; one patient and five caregivers), the validation of memory concerns (n 5 5; two patients and three caregivers), that it informed care decisions (n 5 4; one patient and three caregivers), and that the participant now had a diagnosis (n 5 2 caregivers). "Well I think the importance again is that there's kind of the physicality to it that we can see and that the doctor can see and be able to tell us, you know, this looks like it could be signs that my mom has, you know, early onset Alzheimer's. And that was important for us to know as a family. The confirmation was a bit of a relief in an odd way. We would have preferred that there had not been a confirmation, but the fact that we did allowed us to make a plan after that."-a 44-year-old caregiver of an amyloid-positive patient.
Fourteen of the 26 individuals interviewed who were members of a dyad in which the patient underwent amyloid imaging (including the two patients and one caregiver from dyads with a negative scan and 11 of 23 patients and caregivers from dyads with a positive scan), when asked, stated that they felt there were no negative aspects to having the scan. Among those who did acknowledge negative aspects, patients and caregivers cited cost (n 5 3 caregivers), time and inconvenience (n 5 3; two patients and one caregiver), fear and anxiety (n 5 2 patients), and burden on the patient (n 5 2 caregivers).
Interaction with the neurologist
Patients (n 5 4) and caregivers (n 5 9) most frequently reported that during the clinical interaction, neurologists informed them that the amyloid PET scan was supportive of or confirmed a diagnosis of AD. The caregivers of one amyloid-positive and one amyloidnegative patient reported that the neurologist changed the preliminary diagnosis (n 5 2). Similarly, two caregivers, one of a positive and one of a negative patient, reported that the neurologist changed the treatment plan (n 5 2). One caregiver of an amyloid-negative patient and one amyloid-negative patient responded that the neurologist indicated the patient did not have AD (n 5 2) based on the scan results. Six caregivers, all from dyads with a positive scan, stated that the neurologist shared the scan images with them and felt that this was helpful.
"When we were able to look at what the doctor represented as a normal scan and then we looked at my wife's, it was very apparent that there was a difference."-a 58-year-old caregiver of an amyloid-positive patient.
Likelihood of repeating the decision whether to undergo amyloid imaging and recommending the scan to others
Ninety-three percent of individuals interviewed (n 5 31) stated that they would probably or definitely make the same decision whether to undergo the scan. There was no difference in the frequency of responses between those who underwent the scan and those who did not, or between those who were members of a dyad in which the patient had positive scan results and those who were members of a dyad in which the patient had negative scan results (data not shown).
The two patients and one caregiver who were members of dyads with a negative scan reported that they would probably or definitely recommend others in their position undergo the scan. Twenty of 23 members of dyads with a positive scan reported that they would probably or definitely recommend others in their position to undergo the scan. Among those who chose not to undergo the scan, responses were more mixed. One caregiver reported that they definitely would not recommend the scan to others in their position; one caregiver reported that they would probably not recommend the scan to others; one patient and one caregiver reported that they were unsure; and one caregiver reported that they would probably recommend the scan to others in their position. Two participants refused to respond.
Discussion
These are among the first data documenting the patient and caregiver experience related to clinical amyloid imaging. Like one study of caregivers of atypical AD patients [24] , our data suggest that amyloid imaging can provide information desired by patients with cognitive disorders and their families and enhance the diagnostic experience in many cases. Nearly all participants in our study who underwent amyloid imaging stated that they would repeat the decision to do so. In fact, a common reaction to learning scan results, regardless of amyloid status, was relief. Those with positive results frequently endorsed that the scan added a reality or "physicality" to the working diagnosis, validated concerns, satisfied curiosity, and spurred patients and families to take actions such as advance care management planning, increasing physical exercise, or participating in clinical trials. Although most participants acknowledged no negative aspects of undergoing amyloid imaging, several caregivers of amyloid-positive patients experienced sadness as a result of learning the scan results.
The cost and lack of coverage by insurance were viewed as the largest deterrents to undergoing amyloid imaging, suggesting that changes in coverage policies might increase use of this biomarker test. Among dyads who chose not to have the scan, participants endorsed the lack of direct benefit for the patient and the lack of implications to the management plan. These participants were referred by multiple neurologists in the study, suggesting that this observation was not because of a single physician's attitudes or description of the value of amyloid imaging.
Participant responses suggested that there is a substantial opportunity and need for education during the clinical encounter. Several participants used the term "definitive diagnosis" when discussing the scan. The definitive diagnosis of AD requires information related to both of two pathologic disease hallmarks, amyloid plaques and neurofibrillary tangles [37] . In addition, some patients with other dementias may scan positive [38] and some (albeit few) patients with AD may scan negative [39] . Therefore, clinicians must be careful to appropriately set expectations for the degree of diagnostic confidence they will have when incorporating amyloid PET information into their workup. Some participants stated that they valued learning the extent of plaque coverage or information related to disease severity. The Amyloid Imaging Taskforce specifically indicated determination of disease severity as an inappropriate use [11] . Thus, these comments raise concern about patient and family understanding of the capacity of the current indicated uses of amyloid imaging. Clinicians in this study also referred typical AD patients and one patient with memory concerns. These referrals conflict with the established Appropriate Use Criteria [11] .
Our data are limited by a small sample size and by possible sample biases. A disproportionate number of caregivers participated in the interview, limiting the representation of the patient perspective on amyloid imaging. Participants were highly educated and were most commonly from a dyad in which the patient underwent amyloid imaging and had positive scan results. Although this risks an overemphasis of the current data on the implications of having the scan, it facilitates informing clinicians about the experiences of undergoing amyloid imaging and learning (especially positive) results, and how those results affect care. In particular, understanding reactions to negative scans will require further study because, even in the few participants here, we observed a potential dichotomy in dyads' reactions between the "good news" of being amyloid negative and the reality of a clinical uncertainty. The disproportionate number of amyloid-positive dyads referred to the study suggests a possible physician bias in referral in favor of those who had positive scans. Another limitation of our study is that we were not able to make comparisons among diagnostic groups or specific categories of patients as defined in the Appropriate Use Criteria. Data were collected at one academic medical center tertiary care clinic with only a few referring neurologists. Interviews were performed during a period in which a voucher program enabled scans at reduced cost, potentially resulting in some participants choosing to undergo imaging who otherwise might not have. The time that occurred between the scan and the study interviews introduces the possibility of bias in participant recollection of the events and reactions related to undergoing amyloid imaging.
Future research is needed to better understand the implications of performing amyloid imaging. Studies should incorporate multisite recruitment from a variety of clinics in which the option of amyloid imaging is presented as part of the diagnostic workup of patients with cognitive disorders. Systematic invitations to participate would enhance inclusion of those who choose not to undergo amyloid imaging and those who scan negative, two particularly important groups in clinical care who are underrepresented in the present study. Clinician referrers to our study did not adhere to a specific protocol. Thus, the type and extent of information and education related to amyloid imaging that was provided is likely to have been variable. Although this may add ecological validity to our results, it also introduces the potential confound that we cannot distinguish between differences in patient interpretation of the clinical interaction and differences in the clinical delivery of information. Studies to better understand referring physicians' perspectives and attitudes toward amyloid imaging, the clinical encounter, and patient and caregiver reactions to amyloid imaging are needed.
Conclusions
Amyloid imaging is a relatively new tool for dementia specialists. There remains much debate over the value of amyloid imaging in the clinical evaluation of AD although health economic research studies are collecting additional evidence to address this controversy. It will be important to consider the value of amyloid imaging in the lives of patients and families, beyond diagnostic changes, prescriptions, and cost. The data presented here suggest that, although it can cause sadness and despair, amyloid imaging may remove ambiguity and result in relief, confidence, and satisfaction for some patients and families, even when learning that AD is the most likely cause of cognitive problems. This information may allow patients and families to move toward important disease and lifestyle management strategies. Physicians may need to provide increased education to ensure that families understand the capabilities of the scan and reduce misunderstanding.
RESEARCH IN CONTEXT
1. Systematic review: The authors reviewed the literature using traditional sources (i.e., PubMed). Few data are available related to the clinical use of amyloid imaging and fewer still examine how amyloid imaging affects the diagnostic experience of patients and families.
2. Interpretation: Our findings lead us to conclude that although not all patients, caregivers, and family members see value in amyloid imaging, many do. The information provided by amyloid imaging may validate concerns, spur action, and provide relief from ambiguity and anxiety related to uncertain diagnoses and prognoses. Some participants in our study, however, held misconceptions about the capabilities of amyloid imaging and this will require careful attention by practicing clinicians using this new technology.
3. Future directions: These preliminary results will require validation in larger clinical studies.
